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2 (57) Abstract: Contemplated methods and compositions indude a phannacological composition comprising an antigen and a no- 
cleoside adjuvant that modulates die balance between lype 1 response and Type 2 xesponse in a lymphocyte, ntoain die nocleoside 
Q is not an 8-6nbstitnted guanine nudeossde. In preened aspects, oonten^lated a4)nvanis stimulate lype 1 xesponse and thereby in- 
^ crease aT-cell response, while contonplated adjuvants may also stinmlate aiype 2 resptmsa and dtereiby increase a B-oeO xesponse. 
^ Pref ened adjuvants may ftnther comprise a CpG^inocleotide and/or a CJpO-containing oligonacleotide In a syneigistic amonnt 
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NUCLEOSIDE VACCINE ADJUVANTS 

Field of The Invention 

The field of the invention is vaccine adjuvants. 

Background of The Invention 

5 Immuniz a t ions are generally a relatively simple procedure and typically include 

presentation of an antigen (e.g:^ attenuated virus, bacterial mMnhrane preparation, synthetic 
peptides, etc.) to an inumme system. While administration of some antigens is often su£5cient 
to achieve a desired immunity, other antigens may reqmre co-administration of the antigen 
with an at^uvant tbeice are numerous adjuvants known in the art, and one frequently used 
10 adjuvant is Freund's conq)lete adjuvant. Where toxidly or viscosity ofFretmds conqilete 
adjuvant is problmatic, it is also known to employ an ahetnative adjuvant, comprising oil-in- 
VidStsx emulsion containing detoxified endotoxin and mycrobacterial cell wall components in 
2% sqiialene, or a Listeria cell wall preparation (see e.g., US 6,086,898 to DeKruyffet at). 

Although Fretmds a^uvant and alternative toxin-containing adjuvants often result in 
IS relatively higji titers of antigen specific antibodies, sudi adjuvants tend to produce a 

significant inflammatoiy reaction, which may be especially undesirable in humans. To reduce 
the incidence or severity of inflammatoiy reactions, ahmiiimm hydroxide may be en^iloyed as 
an adjuvant Aluminum hydroxide has the advantage of being especially suitable, \diich can 
be significant v^en relatively strong antigens are presented to the immune system. One 
20 disadvantage, however, is that aluminum hydroxide tends to produce significantly lower 
titm, especially when combined with moderate to weak antigens. Moreover, certain 
aluminum confounds have been thought to be involved in neurological damage associated 
with Alzheimer's Disease (AD). 

Alternatively, antigens may be presented to the immune system as co-predpitates of 
25 the amino acid L-tyrosine. While co*predpitation of an antigen with L^tyrosine to produce the 
immunization cocktail is relatively simple, the preparation typically requires manipulation 
thai often increases the cost of manu&ctuiing, and may result in decreased antigenic activity. 
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In otiia: approaches, Ag-modified saponin/cbolesterol miceUes fanning cage-like 
stnictures may be employed as earners far antigens. Such compositions are typically 
transported to the draining lymph nodes, and quantities of antigen as low as 1 ^g have been 
shown to elicit a significant immune response. However, such compositions may be difficult 
5 to prepare, and tend to be relatively expensive on a large scale. 

In further approaches, as described in U.S. Pat No. 5,876,966 to Reed^ synthetic 
peptides can be co-administered with an antigen, diereby stimuli response and 
IL-12 production in a patient Alflioug^ Reed's qiproach is relatively effective in elicitiDg an 
immune response, syndietic peptides are often e3q)ensive. Moreover, synthetic peptides mo/ 
10 be poorly tolerated by at least some patients. Alternatively, IL-12 can be co-administered as 
an adjuvant as described in U-S, Pat No. 5,976,539 to Scott, et oL However, production and 
purification of ILrl2 is relatively expensive, and may induce undesirable side efifects in at 
least some patients. 

In still further approaches, unmedi}dated CpG dinucleotides within Ihe context of 
15 certain flanktxig sequences (CpG motifii) have been shown to stimulate both innate and 
specific inmmne responses, vAddli has been demonstrated for synthetic as well as naturally 
occurring sequences. For example, it was previously shown that CpG DN A induces 
stimulation of B cells to proliferate and secrete antibodies, IL-6 and ILrl2, and protect sudi 
ceUs und^ certain circumstance firom apoptosis (see Kneg et aL, in Nature (1995), 
20 Apr 6; 374(6522):546-91995). Furthermore, CpG DNA is thou^ to enhance esqyression of 
class n MHC and B7 co-stimuktory molecules (Spmivasser et aL, in Eur J bxmumoL (1998) 
Jui^ 28(6):2045-54), thereby leading to improved antigen presentation. 

These fwidmg«8 were fiuttier confirmed by the observadon that immunization of 
animals against various antigens using CpG oligos as adjuvants induces relatively strong 
25 Hil-like responses as mdicated by highly cytotoxic T lymphoc^s (CTL), hi^ levels of 

IgG2a antibodies, and predominantly Thl cytokine (e.g., IL-12 and IFN-gamma, but not IL-4 
or 5; see e.g^, Klinman et al., m Proc Natl Acad Sci U S A. (1996) Apr 2; 93(7):2879-83 
1996, Roman et al., in Allergy (1998); 53(45 SuppO-93-7, Chu et al^ in J Exp Med. (1 997) 
Nov 17; 186(IO):ie23-31, Upford et al,, in Eur J Imraunol (1997) Sep; 27(9)a34(M). 
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Interestingly, noiHCpG oligonucleotides have also been employed as Th2-stiinulating 
adjuvants as described in published U.S. Patent application 20010044416 to McCtaskie et al. 
While such CpO and non-CpG oligonucleotide may present relatively potent adjuvants, 
various disadvantages remain. Among other things, oligonucleotides tend to be relatively 
5 instable, especially in blood or seruoL Moreover, and depending on the particular 
composition, undesirable adv^e effects may occur. 

Alternatively, selected S-^siibstituted guanine derivatives have been proposed to 
modulate celhilar responses of an animal towards various antigens as described in U.S. Pat. 
Nos. 5,317,013. 5,166,141, 5,147,636, 4,948,730, 4,849,411, 4,643,992, or 4,539,205, aU 
10 to Goodman et al. While some of these selected 8-substituted guanme d^vativcs have 
demonstrated significant adjuvant effect in combination whh various antigens, the use of 
these selected S-substituted guanme derivative may pose numwrous problems- Most 
sigmficanfly, many 8-substituted guanme derivatives may act as DNA/RNA polymerase 
inhibitors, tiiereby rcaidering Aese conqwunds potentially toxic and/or mutagenic. 

15 Although there are various adjuvants and immunizing compositions known in the art, 

most or all of them suffer fix>m al least some significant di^antage. Therefore, tiiere is still 
a need to provide improved methods and con5)ositions &t adjuvants and immunizmg 
compositions. 

20 TTie presOTt invention is directed to methods and compositions for adjuvants and 

hnmunizing compositions comprising an antig^ and an adjuvant wheiein the adjuvant 
mchides a nucleoside tfiat modulates a balance between a Type 1 cytokine response and a 
lype 2 cytokine response in a lymphocyte., and herein flie nucleoside is not an 8-substituted 
guanine nucleoside. 

IS In one aspect of the inventive subject matter, the antigen is a viral antigen, a bactaial 

antigen, or a tumor-specific antigen. Especially prefeired adjuvants include nudeoside 
analogs sudi as Ribavirin, Levovirin. and Viramidine, and it is fiirther contemplated fliat flie 
nucleoside analogs or other suitable adjuvant may be combined with CpG oligonucleotides. 
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CpG dimicleotid^* oi derivatives of sudi oligo* and/or dimicleotides to achieve an improved 
immune response. 

In another aspect of the inventive subject matter, ttie modulation of the balance 
comprises aielative increase in the l^pe 1 response ov^ the Type 2 response. It is fiirther 
5 contemplated that nucleoside analog ^ sdmulate a Thl response may promote T^li 

activated responses to an inununogen, whDe nucleoside analogs that stimulate a Th2 response 
may promote B-cell activated responses to an immunogen. 

Various objects, features, aspects and advantages of the present invention will become 
more q»parent fiom ^e foUowiitg detailed (tescription of prefened embodiments of the 
10 invention. 

DfetaacdDcscriBtion 

The term ''nucleoside" as used herein refers to all compounds in ^^ch a heterDcyclic 
base is covalently coi^led to a sugar, and an espedally preferred coupling of the nucleoside 
to the sugar includes a C 1 '*(£lycosidic) bond of a carbon atom in a sugar to a carbon- or 

1 5 h^eroatom (typicalb^ nitrogen) in die hetenxTcIic base. Hie term "nucleoside analog" as also 
used herein refers to all nucleosides in which the sugar is not a ribofiiranose and/or in which 
the heterocyclic base is not a naturally occurring base (eg., A, G, C, T, I, etc.). Similarly, the 
torn "nucleotide" refers to a nucleoside to which a phosphate groiqi is covalently coiqiled to 
the sugar. likewise, the term "nucleotide analog" refers to a nucleoside analog to ^ch a 

20 phosphate group is coupled to the sugar. 

As further used herein, the term "heterocyclic base" refers to any compound in yAnch 
a phnality of atoms form a ring via a plurality of covaloit bonds, and >^berem flie ring 
includes at bast one atom other than a carbon atom. Particularly contemplated heterocyclic 
bases inchide 5- and 6-membered rings with nitrogen, sulfur, and/or oxygen as the non- 
2S carbon atom (e.^., imidazole, pyrrole, triazole, dihydropyrimidine). Further conten:q>lated 
heteiocjdces may be fiised (i. e., covalently bouncO to anoflier ring or h^erocycle, and are thus 
teemed "fused heterocyclic base". Especially contenoplated fused heterocyclic bases include a 
S*membered ring fused to a 6-membered ring {cg^ purine, pynolo[2,3-d]pyrimidine), and a 
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6-niembered ring fused to anottier 6-ineinbered or higher ring (e.g., pyrido[4^-d]|iyriimdme, 
beDzodiazepine). Examples of these and furtfa^ prefened heterocyclic bases are given below. 
Still fuitfier cont^!iq)Iated heteroQ^c bases may be aromatic^ or may indude one or more 
double or triple bonds. Moreover, contemplated heterocyclic bases and fused heterocycles 
5 may fiulh^ inchide substituents in one or more positions (see below). 

As furdier used herein, the temti **sugar" refers to all carbohydrates (ie., molecules 
with the formula CnH2nOD widi n lypically between 4 and 12) and derivatives thereof^ wheiein 
particularly contemplated derivatives include deletion, substitution or addition of a di^cal 
group or atom in the sugar. For exan^le, especially contemplated deletions include 2*-deoxy 

1 0 and/or 3*-deoxy sugars. Especially contemplated substitutions include replacement of the 
ring-oxygen with suliiir or methylene, or replacement of a hydroxyl group with a halogen, an 
amino-, sulfi^dryK en* methyl groi^i, and especially contemplated additions include 
meti^ene phosphonate groins. Further contemplated sugars also inchide sugar analogs (te, 
not naturally occuzring sugars), and particularly carbocydic ring systems. The term 

IS carbocyciic lii^ system** as used herein refers to any molecule in wfaidi a phirality of carbon 
atoms form a ring, and in espedally contemplated carbocyciic ring systems the ring is fomied 
fiom 3, 4, 5, or 6 carbon atcmis. 

A still findiCT used herein, the tenn "substituted** as used herein refers to a 
replacement of an atom or chemical group (e.g., H, NHj, or OH) with a functional group, and 

20 particularly contraiqplated functional groups include nudeophilic groins (e.g. , -NH:, -OH, 
-SH, -NC, etc.), electrophilic groiqjs (e.g., C(0)OR. C(X)OH, etc.), polar groups (e.g., -OH), 
non-polar groups (e.;., aryl, alkyl, alkenyl, alkynyl, etc.), ionic gitnq>s (e.g., -NHa^, and 
Imlogens (e.g., -F, -CI), and all diemicaUy reasonable combinodons thereof. Thus, the term 
**functional group" and substituent are used interchangeably herein and refer to a nudeophilic 

25 group ie.g., -NHj, -OH, -SH, -NC, -CN etc.), an dectrophilic group (eg., C(0)OR, C(X)OH, 
C(Halogen)OR« etc.), apolar group (e.g., -OIQ, a non-polar group (e.g., aiyl, alky], alkenyl, 
alkynyl, etc.), an ionic group (e.g., -NHs**), and/or a halogen. 

It should furtiier be particularly appreciated that the terms nucleoside, nucleotide, 
nucleoside analog, and/or nucleotide analog also includes all prodrug forms of a nucleoside. 
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nucleotide^ nucleoside analog, and/or nucleotide analog, ^^in the prodrug fonn may be 
actii^ted/converted to the active dnxg/nucleoside, nucleotide, nucleoside analog, and/or 
nucleotide analog in one or moie than one step, and >^ia:ein the activation/conversion of the 
prodrug into the active drug^ucleoside, nucleotide, nucleoside analog, and/or nucleotide 

S analog may occur intraceliularly or extracellularly Qn a single step or multiple steps). 
Especially contemplated prodmg forms include those that confer a particular specificity 
towards a diseased or infected cell or organ, and exCTq)lary contemplated prodrug fonns are 
described in "Prodrugs'* by K^metfa Sloan (Marcel Dekker; ISBN: 0S24786297), 'Design 
of Prodrugs" by Hans Bundgaard (ASIN: 044480675:}0, or in copending US application 

10 munber 09/S94410> filed 06/16/2000, all of which are incorporated by reference herein. 
Particularly suitable prodrug forms of the above compounds may include a moiety that 
covalentiy coupled to at least one of the C2'-0H, C3'-OH, and CS'-OH, wherem the moie^ is 
preferoitially deaved fix»m the compound in a target cell (eg., Hepatocjte) or a target organ 
{e.g,t liver). AVhile not limiting to Oie inventive subject miatter, it is prefened that cleavage of 

15 the prodrug into the active form of the drug is mediated (at least in part) by a cellular enzyme, 
aiul particularly receptor, transporter and cytocfaromo-associated enzyme systems (e.^:, CYP- 
system). 

Still fiirther particularly preferred prodrags indude those described by Renze et aL in 
Nucleosides Nucleotides Nuddc Adds 2001 Apr-Jul;20(4-7):931-4, by Balzarini et al. in 

20 Mol Pharmacol 2000 Nov;58(5):928*3S, or in U.S. Pat No. 63 12,662 to Erion et al.» U.S. 
Pat No. 6,271.212 to Cbu et al., U.S. Pat No. 6,207,648 to Chen et al., U.S. Pat No. 
6,166,089 and U.S. Pat No. 6,077,837 to Kozak, U.S. Pat No. 5,728,684 to Chen, and 
published U.S. Application witii die number 20020052345 to Bnon^ all of \^di are 
incoiporated by reference hereirt Alternative contonplated prodrugs include tiiose 

25 comprising a phosphate and/or phosphonate non^ydic ester, and an exemplary collection of 
suitable prodrugs is descdbed in U.S. Pat No. 6.339,154 to Shepard et d., U.S. Pat No. 
6.352,991 to Zemlidca ^ al., and U.S. Pat No. 6,348,587 to Schmazi et d. StiQ fiirtiier 
particularly contemplated prodrug forms are desmbed in FASEB J. 2000 Sq>;14(12):1784- 
92, Pharm. Res. 1999. Aug 16:8 1 179-1 185. and Antimicrob Agents Chemother 2000. Mar 

30 44:3 477-483, all of v^ch are incotporated by reference herem. 
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As still further used herein, the term "S-substituted guanine nucleoside" refers to 
compounds that include a guanine heterocyclic base with a chemical modification at the 8- 
position^ \^erein the guanine portion is covalently coupled to a sugar. Compounds Aat fall 
under the scope of this definition are described in U.S. Pat Nos. 5^17,013, 5,166,141, 
5 5,147,636, 4,948,730, 4.849.41 1. 4,643,992, or 4,539,205, aU to Goodman et al., and all 
incorporated by reference herein. 

As yet further used henrin, tiie term '^antigen*' refers to a substance that when 
presented to an immune system stimulates production of an antibody (e.^:, toxins, badma, 
foreign blood cells, cells of transplanted organs, etc.) against the substance, or comprises a 

10 non-self (relative to the immune system host) component, \^ch may or may not stimulate 
production of an antibody against the non-self component Furthermore, as used herein, Hhe 
tssnn "adjuvant" refers to a conq>ound or conqiosition that agent that increases an antigenic 
response in an immime system against an antigen, wherein the increase in antigenic response 
my be measured, among oibst things, by an increase in titer or afiinity in antig^-spedfic 

1 S antibodies, or an increase in a cytotoxic T-cell response. 

Finally, as used herein, the term ** modulate a cytokine balance between a Type 1 
response and a I^e 2" means to bring about a quantitative change in expression and/or 
secretion of at least one of a Type 1 (e.g: , IL-2, TNF-beta, or INF-gamma) and/or Type 2 
cytokme (€,g, , IL4, IL-5, IL-6, or IL-IO). Urns, the term "modulate a cytokine balance 

20 between a l^e 1 re^onse and a Type T particularly includes an inctease of e^qiression 
and/or secretion ofat least one of a Type 1 cytokine and/or a deopease of expression and/or 
secretion of at least one of a Type 2 cytokine (or vice versa). Modulation of a cytokine 
balance may readily be asc^tained by a person of ordinary skill in the art without undue 
experimentatioiL For example, numerous protocols are well known in die art to determine 

25 (qualitatively and quantitatively) one or more cytokines (see e.g.. Cytokine Cell Biology. A 
Practical Approach by Frances IL Balkwill; Oxford IMversity Press; ISBN: 0199638594; 3rd 
edition (January 15, 2001), or The Cytokine Handbook by Angus Thom^n; Academic Press; 
ISBN: 0126896623; 3rd edition (July 15, 1998)). 
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rnntemplated Adiwant Compounds 

It is contemplated that all compounds that modulate the relative balance between a 
Type 1 response and a Type 2 response are suitable for use in conjimcdon with the teachings 
presented h^eixi. Especially contemplated adjuvant compounds include nucleosides, 
S nucleotides* and their respective analogs* in hoQi and L-configuratiorL For example, 
particularly contenq)lated nucleoside and nucleotide analogs include compounds in ^^ch 
either the base portion and/or the sugar portion of the nucleoside/bucleotide are modified. 
Furthermore, it should be recognized diat prodrug forms of contemplated compounds are also 
contemplated* 

1 0 Particularly contemplated adjuvant compounds include nucleosides in which ibs 

heterocyclic base comprises a diazole or triazole moiety that rosy or may not be further 
modified with various substituents and/br fimctional groui^. Further especially preferred 
nucleosides will include a carbohydrate sugar moiety that is most preferably aribofiuanose in 
D- or LrConfiguiatiotL For example, particularly suitable adjuvant compounds include 

IS Ribavirin (14>eta-I>^ofuranosyl-l,2,4*triazol&-3-carboxamide, Formula 1), Levovirin 
(14>eta-IwibofuranosyI-l,2,4*triazol6-3<arboxamide,, Formula 2), and ^^ramidine (14Kta* 
D-ribofiiranosyl-l,2,4-triazole-3-carboxamidine, Formula 3). 

HO OH HO OH HO OH 

Fomiulal PQimula2 PomnilaS 

Variants and prodrug forms on these compounds are disclosed in copending US 
20 qjplication number 09/594410, filed 06/16/2000, copending PCT application number 
PCT/[JSO0/3460S, filed 12/19/2000, and copending PCT q>plication maabex 
PCr/USOl/40148, filed 02/15/2001, all of which are incorporated by reference herein. 
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Synthesis of triazole-contedning nucleosides is well kno^ in flie ait and is described, 
for example, in U.S. Pat No. 4,138,547 to Christemen et dL , incoiporated by reference 
herein. In other especially preferred aspects, the base moiety comprises a Pyrido[23- 
dlpynimdine or Pyrimido[4,S-d]pyrimidine moiety as described in U.S. Provisional 
5 AppUcation No. 60/278032 filed 3/22/2001 with the title "Pyrido[2,3sllPyrimidine and 
Pyriniido[4,5-d]Pyrimidine Nuclec^des", which is also incorporated by refisrence herein. 

The sugar portion of contmplated adjuvant con^wunds can be modified, for example, 
according to the conformodonally locked and/or constrained nucleoside analogs as described 
m U.S. Patent Applications 09/569183 and 09/309742 (both mcorporated by reference 
10 hereui). Consequently, contemplated compounds may include a sugar portion that comprises 
hetearoatoms other than oxygen (^.g., sulfur, selenium, etc.), various subsdtuents, and/or 
functional groups. 

It should generally be appreciated tihat whm contemplated compounds are efifective to 
modulate the Type 1 - Type 2 balance towards a Type 1 response, the respond of the 

1 5 immune system towards an imirmnogen will generally incr^ise a T-cell activated response. 
On the other hand, where contemplated compounds are effective to modulate the Type 1 - 
Type 2 balance towards a Type 2 i^ponse, the response of the immime system towards an 
immunogen will generally increase a B-cell activated response. For exarrple, Ribavirin, 
Levovirin, and Viramidine are known to stimulate a Type 1 response, while 7-(p-l>- 

20 ribofuranosyl)KTOloP3-d]-4-pyriinidonB-5'Wboxan^^ is known to stimulate a 
Type 2 response (see eg., U.S. Pat Nos. 6,130,326, 6,063,772, and 5,767,097, all to Tam and 
aU incorporated by reference herein). 

In a furfter particulariy contemplated aspect, suitable adjuvant compounds may also 
inchide modified or unmodified CpG dinucleotides and/or CpG-containing oligonucleotides, 
25 wherein the modification of such di- and oligonucleotide may include metixylation, 

phosphorylation, replacement of one or more heteroatoms in the base pyridopyrimidine 
base in the cytosine) or sugar moiety (e.g., sulfo-sugar in the cytosine), and/or addition or 
modification of substituents m the base 5-methylcytosine) or sugar moiefy (e.g., 2 - 
aza^osme). CpO dinucleotides and/or C^-containing oligormcleotides have been reported 
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to syner^stically increase a Thl cytokiiiB response vAten administered with alum or cholera 
toxin (J: Immunol 1998, 161:4463-4466, and^ hnmimol 1998, 160: 870-876). 
CoDsequentlyt it b contemplated that a combination of contemplated adjuvants with CpG 
dinucleotides and/or CpG-oontaimng oligoniicleotides will synergjbtically increase aThl 
5 cytokine response in a system challenged with an antigen. While not wishing to be tound to a 
particular theory, it is contraiplated ttiat die synergistic increase is at least in part due to an 
increased expression of costimulatoiy molecules. 

Foxmulations containing contemplated adjuvant compounds for adjuvants are most 
1 0 conveniently administered by oraU intranasal, intramuscular, or subcutaneous injections or as 
sustained release compositions although other methods of adndnistration are also suitable. It 
should be especially appreciated that oral delivery of at least some of fhe contemplated 
conqK>uiids is already weU laiown in the art for the purpose of antiviral 
qypropriate, specific fimxuilations to prevent hydrolysis during digestion would be 
1 S necessitated for oral formulatiorL Ahmiatively, contemplated compounds may be included in 
a prodrug form to achieve a particular pharmacological propoty (eg:, solubili^, qiecifidty 
towards a target organ, half-life time, etc). There are numerous fimnulations for vaccines 
known in flie art; and sidtable formulations may 6e prepared by a person of ordinaiy skill in 
the art without undue experimentatioiL 

20 In alternative aspects, formulations may be liquid injectables or solids^ which can be 

taken up in suitable liquids as suspensions or solutions for injectioa Suitable exciinaxts are, 
for example, water, saline, desctrose, glycerol, ethanol, and so forth. Nontoxic auxiliary 
substances, such as wetting agents, bu£fers, or emulsifiers may also be added. A particularly 
useful exdpient comprises effective amounts of deterge, such as, 0.05% sodium dodecyl 

25 sul&te (SDS), to assure solubiliQr. 

A varied of tedmiques are known in the art to efifect long-term stability and slow 
release. For exanq|>le, the stability and half life of contemplated adjuvant conq)ounds may be 
enhanced by coupling coritenq;»lated compounds to a hydrophilic polymer (e.^;, polyethylene 
glycol (PEG) or a polyoxyetfaylated polyol). PEG-complexes are particularly useful where 
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single sustained action dose of contemplated adjuvant compounds are administered. 
Altemativeiy^ cont^plated compounds may be succinylated to achieve long-tenn stability 
and slow release (Sucdnylation reaction may occur by contacting tiie contemplated adjuvant 
compounds with succinic anhydride^ preferably at pH 5-9 and at room tenq}emture in an 
5 aqueous solution containing a bufifer with a sohibilizing agent such as sodium dodecyl 
sulfate). 

Sustained and continuous release fonnulations are of considerable variety, as is 
understood by those skilled in the art An exemplaiy composition for sustained release 
parenteral administration is an injectable microcapsule fonmilation that with a single 

1 0 injectioA will deliver contemplated adjuvant compounds. Microcapsule fcmnulation is 

typically a fiee-flowing powder consisting of spherical particle 20 to 100pm in diameter that 
can be resuspended in an qjpropriate vehicle and injected intramuscularty or subcutaneoxisly 
with a conventional hypodermic needle (e.^., Microcsq)Sul6s may comprise O.S% to 5% of 
contmplated aiiguvant compound encapsulated in poly(DL*-lactide>co-glycolide) (DL-FLG) 

15 exdpient, a biodegradable, biocompatible polyester). 

With respect to the antigen, it is contenq)latBd that all known antigens are considered 
suitable. However, particularly contemplated antigens inchide viral, bacterial and synthetic 
(e.^. , recombinant or by other prqparation) antigens. For ^cample, vkal antigens include 
attenuated viruses and virus proteins (HIV, HB V, HCV, RSV, etc.), vAnle bacterial antigens 
20 mclude bacterial cells, cell wall e?ctract$, and bacterial proteins. 

Contemplated adjuvant conq)ounds will normally be administeied separately fiom the 
vaccine, although it may, in some instances, especially In sustained or continuous release 
forms, be administered in combmation with tiie vaccme. For example, wfaoDC conten^lated 
25 compounds are administered separately fiom fte antigen, administration may occur prior to or 
after presentation of the antigen to the immune system. On the other hand, vfbete 
contemplated adjuvant compounds are combined widi ^ vaccine, tiie composition 
administered may contain an immunogen (r. e. antigen) that is effective in eliciting a specific 
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refuse to a ^ven pathogen or aiitigen, a phannaceutically acceptable vaccine cairier and an 
immunopotentiBtmg amount of contmplated compounds. 

It is generally prefeired to administer contemplated adjuvant compounds continuously 
(e.g,, 5 to 30 days, preferably S to 14 days) dosages to achieve a plasma concentration of 

S conten4)lated compounds effective for modulation of the Type 1 to Type 2 balance. Thus, 
administiation of contemplated compoiinds m^ precede, overly, and/or be after die immune 
system has been presented with the antigen against which immunity or enhanced immune 
reaction is desired. However, various alternative administrations are also contemplated, 
including discontinuous administrations. Suitable protocols for administration are disclosed, 

10 for example m U.S. Pat No. 6,150337 to R. Tarn, \^ch is incorporated by reference herein. 

Thus, specific embodiments and applications of nucleoside vaccine adjuvants have 
been disclosed. It should be apparent, however, to those skilled in the art that many more 
modifications besides those alrea^ described are possible without dq)arttng fit>m Ihe 
inventive concepts herein. The inventive subject matter, therefore, is not to be restricted 

1 S except in the spirit of the qipended claims. Moreover, in inteipieting bolh the specification 
and the claims, all terms should be interpreted in the broads possible manner consistent with 
the context In particular, the terms "con^dses" and "comprising** should be interpreted as 
referring to elements, components, or steps in a non-exclusive manner, indicating that Ihe 
referenced elements, conqponaits, or stqps inay be present, u^^ 

20 elements, conqionents, or steps that are not esqnessly referenced 
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CLAIMS 

What is claimed is: 

1 . A pharmacological compositioii, comprising an antigen and an adjuvant, \dierein the 
adjuvant conqirises a nucleoside that modulates a cytokine balance between a Type 1 
response and a Type 2 of a lymphocyte vfbsa the nucleoside analog is administeied at 
a concentration effective to modulate the balance^ and wherein the nucleoside is not 
an S-substituted guanine nucleoside. 

2. The composition of claim 1 wherein the antigen is selected finm the group consistmg 
of a viral antigen, a bacterial antigen, and a tumor-specific antigen. 

3. The composition of claim 1 wherein the micleoside comprises a nucleoside analog 
selected fiom the group consisting of Ribavirin, Levovirin, and Viramidine. 

4. The composition of claun 1 wherem the modulation of the balance comprises a 
relative increase in the Type 1 response over the Type 2 response. 

5. The composition of claim 1 further comprising at least one of a CpG-dinucleotide and 
a C^G^ntaining oligonucleotide. 

6. Tlie con^sidon of claim 1 where the antigen is formulated for administration in a 
first route, and udierein the adjuvant is formulated for administration in a second 
route. 

7. The composifion of claim 6 whecdn the first route includes uyection and v^som the 
second route includes oral administration. 

8. A method of immunizine a mammal, comprising: 

providing a pharmacological composition comprising an antigen and an adjuvant 

wherein the adjuvant conqirises a nucleoside that modulates a balance between a 
Type 1 response and a Type 2 of a lymphocyte when the nucleoside analog 
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is administraed at a concentration effective to modulate the balance, and 
v^erein the nucleoside is not an 8-substituted guanine nucleoside; and 

administering the pharmacological composition to the mammal. 

9. The mediod of claim 8 wheran the antigen is selected firom flie group consisting of a 
viral antigen, a bacterial antigen, a tumor-specific antigen, an allergen, and a parasitic 
antigen. 

10. Hie method of claim 8 vAeiein die nucleoside comprises a nucleoside analog selected 
firom the group consisting of Ribavirin, Levovirin, and Viramidine. 

1 1 . The method of claim 8 wheieia the modulation of the balance comprises a relative 
increase in the Type 1 response over the Type 2 response* 

12. The method of claim 8 viiereia tiie adpivant furtiier comprises at least one of a CpG- 
dinucleotide and a CpG-containing oligonucleotide. 

13. The method of claim 8 v^erein the step of administering includes administration of 
the antigen in a first route and administFation of the adj uvant in a second nmte. 

14. Hie method of claim 13 herein (he first route includes iqection and wherein the 
second route includes oral administration. 
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